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SUMMARY AND CONCLUSIONS 
The effects of lime on the liberation of potassium in a num-
ber of Iowa soils were studied in a series of experiments and 
the results obtained are summarized as follows: 
1. Analyses of 12 high-lime soils showed that all of the soils 
contained relatively large amounts of total potassium, car-
bonates and total nitrogen. 
2. The available potassium content of 11 of the 12 high-lime 
soils was insufficient for maximum plant growth according to 
the Aspergillus niger test. This low content of available potas-
sium was correlated with the high carbonate content. 
3. The exchange complex of an acid Tama silt loam was 
completely saturated by applications of 6 tons of calcium car-
bonate per acre in greenhouse experiments and 6 months after 
treatment the amounts of exchangeable and available potas-
sium were decreased. 
4. Calcium carbonate, calcium chloride and calcium hydrox-
ide replaced potassium and increased the available potassium 
in the soil exchange complex in acid Tama silt loam and to a 
smaller extent in basic Webster silty clay loam, calcium chlo-
ride being the most effective. Calcium sulfate had little or no 
effect on the exchangeable and available potassium. 
5. The availability of potassium in high-lime soils was lower 
in inoculated than in uninoculated soils and the decrease in 
availability was greater in soils treated with calcium carbonate 
than in the untreated soils. 
6. It is suggested that a decreased hydrolysis of primary 
potassium-bearing minerals and the formation of insoluble 
potassium complexes and possibly also a reduction in available 
potassium by microorganic activity may be responsible, in part 
at least, for the decreased availability of potassium in these 
soils. 
The Effects of Liming on the Libera~ 
don of Potassium in Some 
Iowa Soils1 
By HARTZELL C. DEAN" 
In the past, considerable attention has been paid to the ef-
fects of calcium compounds in liberating potassium in soils. It 
was pointed out as early as 1847 that lime additions furnished 
an important means of liberating from the soil the alkalies 
which are indispensible to the growth of plants. Many of the 
early investigators also showed that the addition of calcium 
carbonate to the soil affected the solubility of potash and even 
made potash f ertilization unnecessary. 
Some of the more recent investigators, on the other hand, 
have reported entirely different results from the study of the 
lime-potassium r elationship in soils. Data have been presented 
which show that lime did not liberate potassium but in some 
cases it even reduced the availability of potassium. Experi-
ments with various crops, such as wheat and barley, revealed 
the fact that liming may materially reduce the solubility of 
both native and added potassium. The lime may be so actiye 
in depressing the solubility that in time the soil may become 
deficient in available potassium, especially for certain crops. 
The exact reason for this depressive effect is not known, al-
though various suggestions have been made. It has been 
pointed out that additions of lime considerably decrease the 
hydrolytic processes which normally occur, and the greater 
the concentration of carbonates and bicarbonates, the less will 
be the hydrolytic breakdown of the potash-bearing colloidal 
complex. Another explanation given by some investigators is 
that much of the potassium liberated is absorbed by the lower 
layers of soil and, therefore, is out of the feeding zone of many 
plants. Other investigators have concluded that the liberated 
potassium is not merely absorbed by the clay fraction but re-
verts to. a difficultly available form of potassium, usually re-
sembling muscovite. Recently it has been suggested that the 
repressive effect of lime on the availability of potassium is not 
due to the lime present but due to a biological potassium fixa-
1 Project 308 of the Iowa Agricultural Experiment Station. 
2 The author wishes to express his appreciation to Drs. P. E. Brown and 
F. B. Smith for their helpful suggestions In planning the experimental work 
and reading the manuscript, and to Dr. R. H. Walker for the help which he 
has given during the progress of the work. 
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tion. It was also suggested that the organisms may not absorb 
all the potassium but may cover the exchange complex, exert-
ing a protective action on the potassium that is absorbed. 
The high-lime soils, or so-called" alkali" spots of Iowa, have 
been found to contain high concentrations of both calcium 
carbonate and calcium bicarbonate and these compounds are 
definitely associated with the unproductiveness of the soils. 
Various investigators have reported beneficial effects from 
the use of potassium fertilizers on such soils and have 
recommended their use. The purpose of this investigation was 
to study the fixation of potassium in soils and to determine the 
effect of lime on the liberation of potassium in some Iowa soils. 
HISTORICAL 
It will not be necessary to review all of the literature deal-
ing with the fixation of potassium in soils to show that lime has 
increased the availability of potassium in some soils, and de-
creased it in other soils. 
Many investigators (6, 7, 10, 12, 20, 21, 24), studying the pri-
mary potassium-bearing minerals, have found that lime reacts 
with the minerals to liberate potassium. Briggs and Breazeale 
(4), however, reported that solutions of calcium hydroxide did 
not liberate potassium in soil, pegmatite or orthoclase, and that 
calcium sulfate depressed the solubility of potassium in ortho-
clase. 
A large number of investigations (3, 9,14,15,16, 17, 18, 19), 
dealing with the effect of lime or gypsum on the solubility of 
potassium in soils or the · absorption of potassium by plants, 
have been reported. In some cases the lime or gypsum caused 
a depression in the solubility of the potassium but in no case 
was the amount of soluble potassium increased. 
McGeorge (22) obtained a slight increase in the solubility 
of potassium by the addition of calcium carbonate to soils and 
an active initial liberation of potassium from calcareous soils 
by the addition of calcium sulfate. 
Bradfield (2) made a study of the amount of potassium ab-
sorbed by a colloidal clay when the reaction of the clay ranged 
from acid to basic. The results showed that the amount of 
potassium absorbed increased almost linearly with the degree 
of alkalinity until the saturation capacity for bases was nearly 
reached. 
Volk and Truog (30) made a study of a sample of Hagers-
town silt loam from Pennsylvania that had received potassium 
chloride over a 50-year period and found that about one-half of 
the potassium chloride added had gone over into a more or less 
insoluble form. The minerals of the soil were isolated and sub-
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jected to petrographic, chemical and x-ray analyses, and results 
showed that muscovite was formed in the colloidal fraction of 
the soil. 
EXPERIMENTAL 
The investigational work reported here consisted of a number of 
laboratory and greenhouse experiments. Five studies were made, 
viz, (a) an analysis of 12 high-lime Iowa soils, (b) the effect of 
calcium carbonate on some exchange reactions in an acid soil, 
(c) the effect of certain calcium compounds on the exchange-
able and available potassium in acid and basic soils, (d) t he 
absorption of potassium and calcium by inorganic colloids, 
and (e) the biological fixation of potassium in several Iowa 
soils. 
METHODS OF PROCEDURE 
The analyses made on the 12 high-lime or so-called" alkali" 
soils were for reaction, carbonates, total and available potas-
sium, total and available nitrogen, and total and available phos-
phorus. 
To determine the effect of calcium compounds on the availa-
bility of potassium, Webster silty clay loam and Tama silt loam 
were treated with calcium carbonate, calcium chloride, calcium 
hydroxide, and calcium sulfate . After 21 days the exchange-
able and available potassium were determined. 
The absorption of potassium and calcium by inorganic col-
loids was determined on inorganic colloids extracted from 
\V cbster silty clay loam and Tama silt loam. The colloids were 
electrodialyzed and treated with quantities of potassium chlor-
ide and calcium chloride, singly and in combination. After 5 
months the inorganic colloids were leached with distilled water 
and the amounts of potassium and calcium determined in the 
leachate. 
The decrease of soluble potassium in inoculated soils under 
that of sterile soils is referred to as biological potassihm fixa-
tion, and a study of this fixation of potassium was made in six 
Iowa soils. The soils used were a Webster silty clay loam with 
average potassium content, a Webster silty clay loam with a 
low potassium content, a Webster silty clay loam low in CaCOa, 
a Cass silt loam, a Tama silt loam and a Grundy silt loam. All 
of the soils were sterilized, treated with calcium carbonate, and 
dextrose and inoculated with a soils suspension and incubated 
at room temperature. The available potassium was determined 
after 1 month in all of the soils and after 5 months in the Tama 
silt loam and the W ebster silty clay loam with average potas-
sium content. 
'the pH determinations were made electrometrically by the 
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quinhydrone electrode method. The carbonate content was 
determined by the A.O.A.C. method (1). The total potassium 
was determined by the perchloric acid method. ' The available 
potassium was determined by the Aspergillus niger method 
(23). The total nitrogen was determined by the Kjeldahl 
method as described by Fred and Waksman (8). Harper's 
(11) modification of the phenoldisulfonic acid method was used 
to determine the nitrates. Total phosphorus was determined 
by the magnesium nitrate method. Truog's (27) 0.002 N. sul-
furic acid method was employed for available phosphorus. The 
procedure recommended by Schollenberger and Dreibelbis (26 ) 
for determining the exchange capacity, the total bases and the 
exchangeable potassium was followed. Some difficulties were 
experienced with this method in determining the exchangeable 
calcium in the high-lime soils or soils to which large quantities 
of lime had been added. The amount of exchangeable calcium ob-
tained by the method was larger than the total exchange capaci-
ty. In order to avoid this, K elley's (13 ) method was employed 
which involved a second leaching of the soil with ammonium 
acetate. 
ANALYSES OF HIGH-LIME SOILS 
An analysis was made of 12 high-lime soils obtained from the 
north central part of Iowa. The soils used and the results ob-
tained are presented in table 1. 
All of the soils studied were basic in reaction, ranging from · 
pH 7.80 to pH 8.30. All soils, except three, had a pH value 
higher than 8.00. There was no significant correlation between 
the pH value and the calcium carbonate content of the soils, 
although the soils which contained the largest and smallest 
amounts of calcium carbonate had the highest and lowest pH, 
respectively. 
All of the soils were comparatively high in total potassium. 
TABLE 1. ANALYSIS OF 12 HIGH-LIME SOILS. 
Carbon- Total Avail- Total Total Avail-
Soil pH ate as K able N NO, P able 
CaCO, % K,O % p.p.m. % p 
% p.p.m. p .p .m. 
--- - - -------------
Webster silty clay loam 7 .82 25.78 1.33 127.6 0.651 22.5 0.0631 6.05 
Webster silt loam 8.14 20.42 1.27 112 .5 0 . 422 13.1 0.0924 15.57 
Webster silt loam 8.12 25.68 1.30 125.0 0.442 12 .3 0.0989 16.17 
Webster silty clay loam 8.09 22 . 04 1.41 132.5 0.462 20.3 0.1008 41.68 
Cass silt loam 8.11 13.01 1.48 162.5 0.359 11.6 0.0703 17.05 
Webster silty clay loam 8.30 36.76 1.68 184.0 0.444 13 . 3 0 . 0637 10 . 00 
Cass silt loam 8.17 13 .22 1.45 166.2 0.410 10.0 0.0988 16.65 
Webster silty clay loam 8.14 16.59 1. 53 174 . 8 0 .278 5.0 0 . 0910 14.30 
Webster ·silty clay loam 7 .80 5.14 1.27 231.0 0.342 11.9 0.0782 10 . 10 
Webster silt loam 7.95 14.80 1.30 155.0 0.678 25.0 0 . 0812 12 . 22 
Web.ter silt loam 8.24 21.33 1.58 167.0 0.497 15.1 0 . 0754 9 .53 
Web.ter silty clay loam 8.21 10.43 1.55 157 . 0 0.506 5.8 0.0854 11.41 
Average 8.09 18 . 77 1.43 157 . 9 0 . 440 13.8 0 . 0833 15.05 
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The results show, however, that the majority of them were de-
ficient in available potassium. According to Mehlich, Truog 
and Fred (23), soils with less than 150 p.p.m. of potash need 
potassium fertilization, those containing 150 to 200 p.p.m. of 
potassium respond to additions of potash fertilizers and soils 
with 200 p.p.m. or more of potassium will probably not need 
potassium fertilization. On this basis four of the tested soils 
need potassium, seven would probably respond to light applica-
tions of potash fertilizers while one has sufficient available 
potassium present. There was no significant correlation be-
tween the available potassium and the total potassium content 
of any of the soils. There was a correlation, however, of -0.4031 
between the calcium carbonate content and the available potas-
sium. This correlation is not quite significant but there is a 
strong indication that soils containing a high percentage of 
CaCOa will contain a low amount of available potassium. The 
soils containing more than 20 percent calcium carbonate con-
tained less than 150 p .p .m. of available potash, except in two 
cases and the soils containing less than 20 percent calcium car-
bonate contained more than 150 p.p.m. of available potash. 
The total nitrogen content of the soils was high, ranging from 
0.278 percent to 0.678 percent. All of the soils, however, were 
low in nitrates. 
The total phosphorus content varied from 0.0631 percent to 
0.1008 percent, averaging 0.0833 percent. The available phos-
phorus was comparatively low in the majority of the soils. 
There was no significant correlation between the total phos-
phorus and available phosphorus, although the soils contain-
ing the largest and smallest amounts of total phosphorus also 
contained the largest and smallest amounts of available phos-
phorus. 
THE EFFECTS OF CALCIUM GARBONATE ON SOME EXCHANGE 
REACTIONS IN TAMA SILT LOAM 
A study was made of the effects of lime and muriate of potash 
on acid rrama silt loam. A sample of the soil was brought to 
the greenhouse, sieved and placed in 4-gallon pots. Potassium 
chloride and calcium carbonate were applied in varying 
amounts. The treatments were made Oct. 14 and results are 
shown in the tables. After treatment the moisture content of 
the soils was brought up to 50 percent of the saturation capaci-
ty and' maintained at this amount by additions of distilled 
water. The soils were kept fallow for 10 months, samples being 
taken Oct. 27, Dec. 9, March 3, and June 24. The exchange 
capacity, total exchangeable bases, degree of saturation, reac-
tion, exchangeable calcium, exchangeable potassium ~nd avail-
able potassium were determined. The results are shown in 
tables 2, 3, 4 and 5. 
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The exchange capacity was determined but no difference was 
found between the exchange capacity of the treated and un-
treated soils, the figure obtained being 21.90 m.e. per 100 grams 
of soil. 
At the first sampling the total exchangeable bases in the 
check soil were approximately the same as where potassium 
alone had been added. All of the calcium carbonate treated 
soils were much higher in exchangeable bases. The soils which 
received 6 and 8 tons of calcium carbonate were found to be 
completely saturated with exchangeable bases. At the last 
sampling all of the soils were found to contain less exchange-
able bases than at the earlier samplings. 
The data in table 2 show that at the beginning of the experi-
ment the check soil was 54.11 percent saturated, whereas, when 
treated with calcium carbonate, the soils ranged from 80 to 100 
percent saturated. 
The pH of the soils is shown in table 3. The pH of the soils 
treated with 4, 6 and 8 tons of calcium carbonate per acre was 
increased over the check, but the 4-ton application was as effec-
tive as the higher applications. 
The exchangeable hydrogen contained in the soil is given in 
table 3. The amount present was decreased in all soils that re-
ceived calcium carbonate, the heaviest application being the 
most effective. At the last sampling there was a definite in-
crease in exchangeable hydrogen in all the soils. 
The effects of potassium chloride and calcium carbonate on 
the exchangeable calcium are shown in table 4. 
Calcium carbonate increased the exchangeable calcium con-
tent to a considerable extent. More exchangeable calcium was 
found in the soils treated with the 6 and 8 tons per acre of 
TABLE 2. EXCHANGEABLE BASES AND DEGREE OF SATURATION IN 
TAMA SILT LOAM. 
Oct. 27 I Dec. 9 March 3 
Treatment Exchange- Degree Exchange- Degree Exchange- Degrep 
able bases of sstura- able bases of satura- able bases of satura-
M.E.* tion M.E.* tion M.E.* tion 
% % % 
Check 11.85 54 . 11 11.70 53.42 10.10 46.12 
500 lb. KCl 11. 70 53.42 10.11 46.16 7.06 32 . 24 
1000 lb. KCl 11.90 54.34 9.67 44.16 8.22 37.53 
4 T. CaCO. 17.90 81.74 20.46 93.42 13.67 62.42 
4 T. CaCO.+500 lb. KCl 17.60 80.37 20.36 92 . 97 13.46 61.46 
4 T. CaCO.+1000 lb. KCl 17.60 80.37 20.36 92 . 97 11.69 53 . 38 
6 T. CaCO, 20.70 94.52 21.90 100.00 17.47 79 . 77 
6 T. CaCO, +500 lb. KCl 20 . 70 94.52 21.90 100.00 17 . 36 79.27 
6 T. CaCO, +1000 lb. KCl 21.90 100.00 21.90 100 . 00 17 . 36 79.27 
8 T. CaCO, 21.90 100.00 21.90 100.00 20.49 93.56 
8 T. CaCO, +500 lb. KCl 21.90 100 . 00 21.90 100.00 20.49 93.56 
8 T . C .. C03+1OOO lb. KCl 21.90 100 . 00 21.90 100.00 20.27 92 .56 
*Per 100 gm. dry soil. 
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TABLE 3. THE pH AND EXCHANGEABLE HYDROGEN OF TAMA SILT LOAM. 
pH IExchangeable hydrogen-M.E.* 
Treatment 
Oct. 27 Dec. 9 lMarcb3:June 24 Oct. 27 Dec. 9 I March 3 
Check 5.59 5.43 5.03 4.72 10.05 10.30 11.80 
500 lb. KCI 5.27 5.20 4.83 4.77 10.20 11. 79 14.84 
1000 lb. KCI 5.31 5.09 4.82 4.58 10.00 12.23 13.68 
4 T. CaCO, 7 . 50 7.40 6.93 6.36 4.00 • 1.44 8.23 
4 T. CaCO, +500 lb. KCI 7 . 33 7.29 6.82 6.23 4.30 1.54 8 . 44 
4 T. CaCO, +1000 lb. KCI 7.26 7.27 6.99 6.31 4.30 1.54 10.21 
6 T. CaCO, 7.55 7.54 7.43 7.18 1.20 - 4.43 
6 T. CaCO,+500 lb. KCI 7.52 7.52 7.24 7.16 1.20 - 4.54 
6 T. CaCO, + 1000 lb. KCI 7.43 7.48 7 . 12 6.97 - - 4.54 
8 T. CaCO, 7.67 7.48 7.53 7.26 - - 1. 41 
8 T. CaCO, +500 lb. KCI 7 . 59 7.58 7 . 33 7.02 - - 1.41 
8 T. CaCO, +1000 lb. KCl 7.51 7.50 7 . 18 7.08 - - 1.63 
*Per 100 gm. dry soil. 
calcium carbonate than the total exchange capacity. Some of 
the soluble calcium was no doubt being measured as exchange-
able calcium even though the method suggested by Kelley was 
used. In most cases the exchangeable calcium content de-
creased during the course of the experiment. The quantities 
obtained at the last sampling were considerably lower than at 
the first sampling. The effects of potassium chloride and cal-
cium carbonate on the exchangeable potassium in Tama silt 
loam are shown in table 4. 
Potassium chloride increased the amount of exchangeable 
potassium in every case and a statistical analysis showed the 
increase to be significant. At the first sampling the calcium 
carbonate treated soils had approximately the same amount of 
exchangeable potassium as was found in the check soil. At the 
later samplings, however, the soils treated with large amounts 
of calcium carbonate were lower in exchangeable potassium 
than the check soil. At the last sampling most of the treated 
soils were lower in exchangeable potassium than at the first 
sampling. Some potassium was apparently liberated from the 
exchange complex by calcium carbonate. The effects of cal-
cium carbonate on the available potassium in Tama silt loam 
are shown in table 5. 
At the first sampling the calcium carbonate treated soils 
contained approximately as much available potassium as the 
untreated soil, and the soils that received potassium chloride 
showed a marked increase. At the third and fourth samplings 
all of the soils showed an increase in available potassium except 
those treated with 4 and 6 tons of CaCOs at the third sampling 
and those treated with 6 and 8 tons at the fourth sampling. 
The greatest increases occurred in the soils treated with cal-
cium carbonate and potassium chloride. The increase in avail-
able potassium was highly significant. 
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TABLE 4. THE EXCHANGEABLE CALCIUM AND EXCHANGEABLE·POTASSIUM 
IN TAMA SILT· LOAM. -
(M.E. per 100 grams of dry soil.) 
Exchangeable calcium Exchangeable potassium 
Treatment 
Oct. 27 Dec. 9 March 3 Oct. 27 Dec. 9 Marcht3 1 
Check 
.' 
9.55 8.17 6.79 1.25 1.31 1.30 
500 lb. KCl 9.32 7.59 6.44 1.42 1.44 1.40 
1000 lb. KCl 9.26 7 .71 5.87 1.54 1.62 1. 75 
4 T. C .. CO. 17 .97 17.37 12.77 1.20 1.13 1.30 
4 T. C .. CO.+500 lb. KCl 17.65 16.85 12.31 1.34 1.26 1.14 
4 T. CaCO.+looo lb. KCl 17 .71 18. 17 11 .96 1.46 1.31 1.30 
6 T. C .. CO. 23 .92 21.74 17.02 1.25 1.22 1.06 
6 T. CaCO.+500 lb. KC! 23 . 84 22.20 16 .79 1.34 1. 51 1.26 
6 T. C .. CO.+looo lb . KCl 23 .75 22.77 16.79 1.45 1.46 1.30 
8 T. C .. CO. 28 . 52 26 .80 25.07 1.23 1.11 1.06 
8 T. C .. CO.+500 lb . KCl 28 . 58 26.11 24 .04 1.47 1.33 1.54 
8 T. C .. CO.+1000 lb. KCl • 28 .52 27.28 24 . 15 1.38 1.45 1.27 
THE EFFECTS OF CALCIUM COMPOUNDS ON THE LIBERATION 
OF POTASSIUM IN SOILS 
The effect of different calcium compounds on the liberation 
of potassium in soils was determined in a series of laboratory 
experiments. Two soils, the Webster silty clay loam and the 
Tama silt loam, having a base exchange capacity of 43.10 and 
29.10 M. E. per 100 grams of soil, respectively, were selected. 
The soils were sieved through a 20-mesh sieve and 100-gram 
portions treated with varying amounts of calcium carbonate, 
calcium chloride, calcium h~droxide and calcium sulfate were 
placed in small glass tumblers. The treatments were made to 
meet one-half and one, two, four and eight times the exchange 
capacity. 
The moisture content was brought up to 50 percent of the 
saturation capacity and maintained at that concentration dur-
TABLE 5. THE AVAILABILITY OF NATIVE AND ADDED POTASSIUM 
IN TAMA SILT LOAM. 
(Mgm. K.O per 100 grams of dry soil.) 
Treatment I Oct. 27 Dec. 9 M .. rch 3 June 24 
Check 20.40 20 . 15 21.90 20.20 
500 lb. KCl 30.10 29.75 32 .30 29 .90 
1000 lb. KCl 35.60 34.50 35.75 33.30 
4 T. CaCO. 19 .80 19.12 20 .88 20.75 
4 T . CaCO.+500 lb. KCl 30 .20 26.75 3l.85 31.00 
4 T . C .. CO.+looo lb. KCl 34.50 32.10 35 .80 36 .75 
6 T. C .. CO, 21.49 19.10 2l.50 18 .50 
6 T. CaCO.+500 lb. KCl 31.25 25.48 3l. 55 31.15 
6 T . C .. CO.+1000 lb. KCl 34.48 32 . 48 36.40 39 . 25 
8 T. CaCO. 23 .35 19.60 23.20 20.00 
8 T. C .. CO.+500 lb. KCl 31.20 25.52 34 .80 34 .80 
8 T. C .. CO.+1000 lb. KCl 35.49 31.52 38 . 00 39.00 
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ing the experiment. After 7 and 21 days had elapsed the pH of 
the soils was determined. The results obtained are shown in 
tables 6 and 7. The amounts of exchangeable and availahle 
potassium were determined after 21 days and are presented 
in tables 8, 9, 10, 11, 12 and 13. 
In the case of the Webster silty clay loan;t the calcium car-
bonate definitely increased the pH of the soil at the end of 7 
days, while in the soils treated with the equivalent of eight 
times the exchange capacity the increase was about the same as 
in the soil treated with the equivalent of one-half the exchange 
capacity. At the end of 21 days there was very little change 
in reaction. The results obtained with calcium chloride differed 
considerably from those obtained with calcium carbonate. In-
stead of increasing the alkalinity of the soil, the calcium · 
chloride decreased it and in several cases made the soils acid 
in reaction. The results obtained with calcium hydroxide show 
that it had the greatest effect in increasing the alkalinity of the 
soil of all the calcium compounds studied. The pH was too 
high in the soils that had received the equivalents of four and 
eight times the exchange capacity to be measured by the quin-
hydrone electrode. There was practically no change in pH be-
tween the first and last samplings. The result's obtained with the 
calcium sulfate show that the pH increased in all of the soils. 
The increase, however, was somewhat less than that found in 
the calcium carbonate treated soils. Calcium sulfate had the' 
least effect on reaction of the various calcium compounds used 
in the experiment. 
The results of calcium treatments on the pH of Tama silt 
loam are shown in table 7. At the end of 7 days calcium car-
bonate increased the pH considerably. Increa,sing amounts of 
calcium carbonate increased the pH of the soils. At the end of 
21 days the pH of all the soils was about the same as .at the 
7-day sampling. Calcium sulfate had only a slight effect on the 
pH of this soil. 
All of the calcium materials added, except calcium sulfate, 
decreased the amount of exchangeable potassium in the soil as 
TABLE 6. pH OF WEBSTER SILTY CLAY LOAM TREATED WITH 
CALCIUM COMPOUNDS. 
Amount of CaCO. 
calcium added 
CaCh Ca(OH), CaSO. 
Days Days . Days Days 
------ ----------
7 21 7 21 7 21 7 21 
------- - ------
None 7.44 7.43 7.44 7.43 7 . 44 7.43 7.44 7.43 
~ exchange capacity 7.72 7.73 7 . 24 7 . 20 8 . 39 8 . 39 7.48 7.43 
1 exchange capacity 7.73 7.74 7.15 7.11 8.43 8 . 39 7.54 7.49 
2 exchange capacity 7.75 7.71 7.08 6.95 8.60 8 . 55 7.61 7 . 54 
4 exchange capacity 7.79 7 . 69 7.00 6.94 8.73 8.73 7.66 7.69 
8 exchange capacity 7 .. 78 7.76 6.90 6.79 8 . 73 8.73 7 . 73 7.73 
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TABLE 7. pH OF TAMA SILT LOAM TREATED WITH CALCIUM COMPOUNDS 
CaCO, CaCh I Ca(OH), I CaSO. Amount of 
1 I calcium added Days Days Days Days 
-7-1 21 7 I 21 1 7 21 7 I 21 
None 5.59 5.41 5.59 5.41 5.59 5.41 5.59 5.41 
% exchange capacity 7.56 7.57 4 .84 4.96 8.06 7.91 5.53 5.50 
1 exchange capacity 7.65 7.68 4 .87 4.66 8.35 8.31 5.58 5.57 
2 exchange capacity 7.81 7.75 4.81 4.50 8.41 8.41 5.66 5.64 
4 exchange capacity 7.83 7.81 4.71 4.34 8.73 8.73 5.77 5.79 
8 exchange capacity 7.92 7.83 4.71 4.24 8.73 8.73 5 .95 5.87 
shown in Webster silty clay loam (table 8), calcium chloride 
being the most effective. The largest applications of the cal-
cium carbonate, calcium chloride and calcium hydroxide 
brought about the largest decreases in exchangeable potassium. 
Calcium hydroxide decreased the exchangeable potassium con-
tent of the soil more than calcium carbonate but not as much 
as calcium chloride. Calcium sulfate had practically no effect 
on the exchangeable potassium in this soil. 
The percentage of potassium exchanged is shown in table 8. 
All treatments of calcium chloride, except the equivalent of 
one-half the exchange capacity, replaced approximately 30 
percent of the replaceable potassium. The effect of calcium 
carbonate, calcium chloride and calcium hydroxide on ex-
changeable potassium is shown in fig. 1: 
The results obtained with Tama silt loam given in table 9 are 
much the same as those with Webster silty clay loam. Figure 
2 shows the percentage of potassium replaced by calcium. The 
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curves show the greater effect of the chloride and also that the 
smaller treatments of carbonate and calcium hydroxide gave 
approximately the maximum replacement of potassium. 
The data obtained on the availability of potassium in calcium 
treated Webster silty clay loam (table 10) show that calcium 
chloride increased the availability of potassium to the largest 
extent. The largest increase in available potassium was ob-
tained in the soil treated with calcium chloride equivalent to 
eight times the exchange capacity. Calcium carbonate was not 
as effective as the calcium chloride in increasing available potas-
sium. The two largest applications of calcium carbonate 
brought about the hig'hest percentage increase. Calcium hy-
droxide increased the available potassium content more than 
calcium carbonate but less than calcium chloride. The largest 
application had the greatest effect. Calcium sulfate was found 
to differ considerably from the other compounds in effect. In-
stead of increasing the available potassium content there was 
TABLE 8. EXCHANGEABLE POTASSIUM AND PERCENT OF POTASSIUM EX-
CHANGED IN WEBSTER SILTY CLAY LOAM TREATED 
WITH CALCIUM COMPOUNDS. 
Amount of ~~I~~ Ca(OH), I CaSO. calcium added 
M . E. % M. E. I % M.E. % M. E. % 
--------- -----
None 1.04 
- 1.04 - 1.04 - 1.04 -
~ exchange capacity 1.03 0 .58 0.88 15.33 1.00 3.28 1.04 -
1 exchange capacity 0.99 4.82 0 . 72 30.28 0 . 98 5.69 1.06 -
2 exchange capacity 0 .98 5.69 0.74 28 . 25 0.96 7.81 1.01 -
4 exchange capacity 0.95 8.39 0 . 70 32 . 59 0 . 87 15.81 1.07 -
8 exchange capacity 0 . 95 8.10 0 . 68 34.33 0 . 77 25.65 1.07 -
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Fig. 3. Available potassium in calcium treated Webster silty clay loam. 
a general tendency for it to bring about a decrease. The potas-
sium may be in a form in which the Aspergillt~s niger method 
does not measure. 
Figure 3 shows the milligrams of available K 20 per 100 
grams of soil in the soils treated with varying amounts of dif-
ferent calcium compounds. The Cllrves show that calcium 
chloride was the most effective of all compounds studied in in-
creasing the availability of potassium, the smaller applications 
giving increases approximately as great as the larger amounts. 
The curve for calcium hydroxide indicated that above the sym-
metry concentration of four there was a large inerease in avail-
able potassium, whereas the curve for calcium carbonate did 
not show further increases at the higher concentrations. The 
TABLE 9. EXCHANGEABLE POTASSIUM AND PERCENT OF POTASSIUM EX-
Amount of 
calc; urn added 
None 
~ exchange capacity 
1 exchange capacity 
2 excha.nge capacity 
4 exchange capacity 
8 exchange capacity 
CHANGED IN TAMA SILT LOAM TREATED 
WITH CALCIUM COMPOUNDS. 
CaCO, CaCh ~o~l~so. 
---------------- M.E·~I~I % M.E. % M.E. % 
---------
0.73 - 0 .73 - 0.73 - 0.73 -
0.69 5.33 0.61 16.66 0.60 17.62 0.74 -
0.64 12.29 0.54 26 .09 0.59 19 .12 0.74 -
0.64 12.84 0.47 35.51 0.58 20.63 0.74 -
0.64 12.02 0.42 43.30 0.57 22.13 0.73 0.82 
0.64 12.97 0.46 37.97 0.58 2l.44 0.73 0.41 
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TABLE 10. AVAILABLE POTASSIUM IN WEBSTER SILTY CLAY LOAM TREATED 
WITH CALCIUM COMPOUNDS. 
(Mgm. K,O per 100 grams dry soil.) 
Amount of calcium added CaCO, CaCh Ca(OH), CaSO. 
None 22.25 22.25 22.25 22.25 
~ exchange capacity 22.80 24.48 23.00 22.27 
1 exchange capaci ty 23.25 26.00 23.50 21.45 
2 exchange capacity 23.20 26.35 23.88 19.50 
4 exchange capacity 24.12 28.00 24.25 19 .13 
8 exchange capacity 24.12 28.20 26 . 95 18.20 
curve for calcium sulfate shows a decrease in available potas-
sium which becomes only slightly greater after a symmetry 
concentration of two has been reached. 
The availability of potassium in the calcium treated Tama 
silt loam is shown in table 11. The data presented show that 
all of the calcium compounds except calcium sulfate tended 
to increase the available potassium. In general, calcium car-
bonate yielded only a slight increase in available potassium. 
Calcium chloride was the most effective of all the compounds 
in increasing the available potassium in this soil, the largest 
amount showing the greatest effect. Calcium hydroxide in the 
higher concentrations brought about a considerable increase in 
available potassium but less than the chloride. There was a ten-
dency for the availability of potassium to be decreased by cal-
cium sulfate. 
Figure 4 shows that all compounds, except calcium sulfate, 
increased the quantity of available potassium. The curves for 
calcium chloride and calcium carbonate are comparatively 
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steep at low concentrations after which they begin to level off. 
The curve for calcium hydroxide, however, shows that the 
available potassium gradually increased with increasing con-
centrations of calcium hydroxide. 
ABSORPTION OF POTASSIUM AND CALCIUM BY ELECTRO-
DIALYZED INORGANIC COLLOIDS 
The results of the preceding experiment show that calcinm 
chloride, calcium hydroxide, and calcium carbonate replace 
potassium in the exchange complex. Presumably the replaced 
potassium goes into the soil solution and is available to plants. 
It has been suggested (24) (29) that this replaced potassium 
is r eabsorbed by the clay complex or combined in an unavail-
able form. In order to obtain further information concerning 
the absorption of potassium and calcium by the soil complex, 
the inorganic colloids of Webster silty clay loam and Tama silt 
loam were extracted and the absorption of potassium and cal-
cium by these colloids studied. 
The colloids were extracted by the method of Truog and 
Drosdorf (28) and electrodialyzed 120 hours to r emove the 
bases. The electro dialyzed colloids were then treated with 
potassium chloride and calcium chloride, singly and in combi-
nation, according to the outline given in table 12. The treated 
colloids were placed in Gooch crucibles and the moisture con-
tent adjusted to 50 percent of the saturation capacity. After 
5 weeks the . colloids were then leached free of chlorides with 
distilled water and the amount of calcium and potassium in the 
leachates determined. The differences between the amounts of 
potassium and calcium added and the amounts found in the 
leachates were assumed to be absorbed by the unsaturated col-
loids. The data obtained are presented in table 13. 
The inorganic colloid of the Webster silty clay loam treated 
with calcium chloride alone absorbed less than one-half of the 
amount of calcium added regardless of the quantity added. 
The addition of potassium to the calcium treated colloid was 
found to decrease the amount of calcium absorbed. The larger 
the quantity of potassium added the less the amount of calcium 
TABLE 11. AVAILABLE l{,0 IN TAMA SILT LOAM TREATED 
WITH CALCIUM COMPOUNDS. 
(Mgm. 1(,0 per 100 grams dr~ soil.) 
Amount of calcium added CaCO, CaCI, Ca'(OH), 
None 21.25 21.25 21.25 
Y2 exchange capacity 21.80 22.70 21.60 
1 exchange capaci ty 22 . 75 22 . 75 21.37 
2 exchange capacity 23.15 25.50 22.50 
4 exchange capacity 23.20 26.80 23.40 
8 exchange capaci ty 23.30 27.80 25.58 
CaSO. 
21.25 
21.37 
20.80 
19 .89 
20.00 
19.70 
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TABLE. 12. M. E. POTASSIUM AND CALCIUM ADDED PER 100 GRAMS 
INORGANIC ACID. 
Treatment 
No. 
Webster silty clay loam Tama silt loam 
29.75 M. E. potassium or calcium 23.25 M. E. potassium or calcium 
2 29.75 M .E. potassium 23 .25 M.E. potassium 
29.75 M.E. calcium 23 . 25 M.E. calcium 
3 29.75 M.E. potassium 23.25 M.E. potassium 
59.50 M.E. calcium 46 . 50 M.E. calcium 
4 29 .75 M.E. potassium 23.25 M.E. potassium 
119.00 M.E. calcium 93.00 M.E. calcium 
5 59.50 M .E. potassium or calcium 46 . 50 M .E. potassium or calcium 
6 59.50 M.E. potassium 46.50 M.E. potassium 
59.50 M.E. calcium 46.50 M.E. calcium 
7 59.50 M.E. potassium 46 . 50 M .E. potassium 
119.00 M.E. calcium 93 .00 M .E. calcium 
absorbed by the inorganic colloid. The larger additions of 
potassium, however, had only slightly greater effect than the 
smaller additions. The inorganic colloid of this soil had a large 
absorptive power for potassium. More than one-half of the 
potassium added as potassium chloride was absorbed. Some-
what more potassium was absorbed by the colloid treated with 
larger amounts of potassium. The addition of calcium was 
found to liberate considerable amounts of potassium. 
The results obtained with the inorganic colloid of Tama silt 
loam were similar to those obtained with the inorganic colloid 
of the Webster silty clay loam. Figure 5 shows the amounts 
of potassium absorbed by both the Webster silty clay loam and 
Tama silt loam inorganic colloids. 
FIXATION OF POTASSIUM BY MICROORGANISMS 
Since it was found in laboratory experiments that calcium 
carbonate replaced potassium and increased the availability 
but in field and greenhouse soils the available and exchangeable 
potassium were decreased, it seemed desirable to determine 
the effect of microorganisms on the available potassium in these 
soils. Two experiments were conducted in which the available 
potassium was determined in soils sterilized and uninoculated 
and soils inoculated with a soil infusion. 
Six soils containing different quantities of potassium and 
ranging from acid to basic in reaction were used. Three of the 
soils obtained were classified as Webster silty clay loam and the 
other three were Cass silt loam, Tama silt loam and Grundy 
silt loam. The Webster soils differed considerably in the car-
bonate and available potassium contents. The Webster silty 
clay loam (No.1) contained an average amount of available 
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potassium, having approximately 20 mgms. of K 20 per 100 
grams of soil. In order that this might be compared with a 
similar soil, deficient in potassium, the same Webster silty clay 
loam was mixed with sand in the proportion of one part soil 
to three parts sand (No.2). The Webster silty clay loam 
(No. :3) represented a typical Webster silty clay loam of north 
central Iowa. The Cass silt loam contained a large amount of 
carbonate showing slightly more than 13 percent. 
The first experiment consisted in sterilizing eight 100-gram 
samples of each soil intermittently for 6 hours at 15 pounds 
pressure on each of 3 consecutive days. Four of the samples 
were then treated aseptically with 1 gram of calcium carbonate, 
while the remaining four were left untreated. Each of the 
untreated and calcium carbonate treated soils was then di-
vided into two series, one of which was inoculated with 5 cc. 
of a soil infusion, and the other left uninoculated. The mois-
ture content was adjusted to 50 percent of the saturation 
capacity by additions of sterile, distilled water and 10 cc. of a 
20 percent sterile dextrose solution. All of the soils were incu-
bated for one month at 28° to 30° C., after which the available 
potassium was determined by the Aspergillus niger method. 
The results obtained are presented in table 14. 
These data indicate that the repressed availability of potas-
sium by additions of calcium carbonate may be the result of 
the absorption of potassium by the microorganisms. The data, 
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TABLE 13. M.E. POTASSIUM AND CALCIUM ABSORBED BY 100 GRAMS 
OF INORGANIC COLLOID. 
Treatment Webster sil t y clay loam Tama silt loam 
No. 
K Ca " K Ca 
1 17 .70 13 .01 10. 52 10.70 
2 13 .03 9.14 12. 70 6 .31 
3 12 .00 21. 37 10 . 30 14 . 26 
4 9 .68 40 . 11 8. 62 24 . 81 
5 45 . 12 21.68 17. 60 20.00 
6 35.83 17 .96 9 . 27 8 .84 
7 22 . 90 38. 25 7 . 60 27.44 
however, are not conclusive and need to be substantiated by ad-
ditional results. 
The second experiment consisted of treating Webster silty 
clay loam and Tama silt loam as in the preceding experin;tent, 
except that 3 grams of calcium carbonate and 60 mgm. of 
nitrogen as (NH. ) 2S0. were added and the incubation p eriod 
increased to 5 months. After the incubation period, available 
potassium was det ermined by the Aspergilltts niger method. 
The r esults obtained are presented in t able 15 
The data in the table show that calcium carbonate liberated 
highly significant amounts of potassium in both soils. Inocula-
tion decreased the amount of available potassium in both the 
treated and untreated soils. The decrease in available potas-
sium was significantly greater in the inoculated soils to which 
calcium carbonate had been added than in the untreated soils. 
DISCUSSION 
All of the high-lime soils studied contained relatively large 
amounts of carbonates, nitrogen and potassium. Tests for 
available potassium, however, showed ·that 11 of the 12 soils 
studied were either in need of or would respond to potash fer-
tilization. In general, there seemed to be a direct relationship 
between high carbonate content of the soil and low amount of 
available potassium. Soils containing 20 percent or more of 
carbonate were deficient in available potassium regardless of 
the amount of total potassium they contained 
TABLE 14. A V AILABLE POTASSIUM IN SOILS AFTER INCUBATION 
ONE MONTH AT 28-30°C. 
(Mgm. K.O per 100 grams soil.) 
Uninoculated Inoculated 
Soils 
Untreated CaCO, Untreated CaCO. 
1 Webeter silty clay loam 20.70 24.35 19.47 20 .03 
2 Webeter silty clay loam 8 .00 8.81 7.50 8.72 
3 Webster silty clay loam 22.30 21.30 19.60 19.99 
4 Caee silt loam 15 . 20 16 . 55 15.85 16.05 
5 Tama eilt loam 18 .05 19.00 17 . 50 17 . 27 
6 Grundy silt loam 15 . 25 16 . 20 13 .85 16 . 80 
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TABLE 15. MICROBIOLOGICAL FIXATION OF POTASSIUM FIVE 
MONTHS AFTER TREATMENT. 
(Mgm. K.O per 100 grams soil.) 
Uninoculated 
I 
Inoculated 
Soils 
Untreated CaCO, Untreated eaCO, 
1 Webster silty clay loam 22.50 30.29 
I 
20.53 22.62 
2 Tama silt loam 20.70 26.20 19.80 23.55 
The addition of calcium carbonate at the rate of 6 tons per 
acre to the acid Tama silt. loam in greenhouse experiments re-
sulted in the saturation of the complex, and a depression in the 
availability of potassium. In other words, the addition of lime 
brought about a condition in this soil after a period of 6 months 
which was similar with respect to exchangeable potassium to 
that existing in the high-lime soils. The addition', however, of 
calcium carbonate, calcium chloride or calcium hydroxide to 
Tama silt loam in laboratory experiments liberated potassium 
from the exchange complex and brought about a significant in-
crease in available potassium when the tests were made 21 
days after treatment. The soils and the measurements made 
were the same in both sets of experiments and the conditions 
. of the experiment were the same, except that in the greenhouse 
experiments the soil was treated 6 months before the exchange-
able and available potassium were determined and in the lab-
oratory experiments the determinations were made 21· days 
after the treatment of the soils. Apparently some reaction took 
place during the period between treatment of the soils in the 
greenhouse and the time the tests were made to change the 
effect of the added calcium compounds . 
. The apparent change in the effect of calcium salts on potas-
sium availability in longer periods of time was indicated to be 
partly biological in nature. The data showed that sterile, in-
oculated soils usually contained less available potassium after 
a given incubation period than sterile uninoculated soils and 
that the addition of calcium carbonate increased this depression 
in available potassium. Whether the microorganisms assimi-
lated the potassium or exerted a protective effect on the com-
plex, preventing the exchange of the potassium by the calcium, 
is not known. The conditions of reaction and organic matter 
supply in the high-lime soils, however, are optimum for maxi-
mum microbiological activity under favorable conditions of 
moisture and temperature. 
The data obtained indicate that the depressive effect of cal-
cium on the availability of potassium in soils may be- due in 
part to the action of microorganisms. In two cases the avail-
able potassium was higher in the inoculated soils than in the 
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sterile soils. In one case the soil had been treated with calcium 
carbonate and in the other the soil was not treated with cal-
cium carbonate. Although no experimental evidence was ob-
tained, some ' of the repressive effect of calcium on the avail-
ability of potassium in high-lime soils is, no doubt, due to the 
.depressed hydrolysis of the primary potassium-bearing min-
erals and according to the law of mass action and chemical 
equilibrium some of the available potassium may revert to an 
insoluble form. 
The results obtained in this investigation confirm the findings 
of Jenny and Shade (12) and other investigators concerning 
the replacement of potassium in the exchange complex by cal-
cium and suggest an explanation of the depressive effects of 
calcium on the availability of potassium in the high-lime soils 
of Iowa. The high content of calcium carbonate in these soils 
and the accumulated products of the weathering of primary 
potassium bearing minerals over a long period of time depress 
further hydrolysis, probably reversing the reaction with the 
formation of these minerals. With favorable conditions, then, 
for maximum microbiological action, the supply of available 
potassium is reduced to a point where these soils often respond 
to potassium fertilization. 
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